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Abstract Of WO01 88688 

An electronic billboard (EB) system is presented. 
The system comprises a display device 
composed of an array of color, reflective, liquid 
crystal display modules, each including an array 
of liquid crystals cells, presenting pixels of the 
display device, and driving circuits selectively 
operable for displaying a predetermined image by 
a plurality of said modules; a sensor means; and 
a control unit for operating said driving circuits, 
the control unit being responsive to data 
generated by the sensor means for operating the 
display device accordingly. 
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(57) Abstract: An electronic billboard (EB) system is presented. The system comprises a display device composed of an array of 
color, reflective, liquid crystal display modules, each including an array of liquid crystals cells, presenting pixels of the display device, 
and driving circuits selectively operable for displaying a predetennined image by a plurality of said modules; a sensor means; and a 
control unit for operating said driving circuits, the control unit being responsive to data generated by die sensor means for operating 
the display device accordingly. 
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Colour Reflective Eleetronic BOlboard Device for Outdoor Advertising 



FIELD OF THE INVENTION 

This inventicm relates to an Electronic Billboard (EE) device formed of a 
two-dimensional array of color reflective liquid crystal displays. 

BACKGROUND OF THE INVENTION 

5 Indoor and Outdoor Billboards are known display devices widely used all 

over the world for advertising and ottier purposes, ^ically installed in public 
places wh^e a laige number of people can be reached. Most of the conventional 
billboards utilize printed ^poster di^lays. There are some EB*s that use Light 
Emitting Diodes (LED's), Vacuum Fluorescent Displays (VPD*s) and Transmissive 

10 Liquid Crystal Displays (LCD's). All these displays are based on the light emission 
effect, \^cfa consumes high power and makes them unreadable under bright 
sunlight conditions. 

The preset invention utilizes Reflective LCD concept that requires much 
less power and is highly readable under direct sunlight. 

15 

SUBSTITUTE SHEET (RULE 26) 
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elediic field This enables to affect Ihe tiBnsmi^ 

light by LC layer eaclosed between the parallel sides of a pair of glass plates. 

Generally, Electronic Billboards using LCD panels are of two kinds : (1) those 

utilizing the back illmnination of an LC panel and Ihe transmission of an LC material, 
5 a so-called '1)ack-]if ' transmitting display design; and (2) those udliziiig ambient 

Ugjhting conditions and transmission or reflectivity of the LC matecial, a so-called 

'"front-lit " reflective display design. 

One of the '"front-lif designs is based on naturally reflective properties of 

cholesteric (chiral nematic) liquid crystals. LCD panels based on tibis technology 
10 provide fiill image retention with low power and excellent dayhght/ambient hght 

readabiUty, and therefore are supposed to be more suitable for low power hand held 

applications such as cell phones, pagers, etc. 

More specifically, in such a reflective LCD panel, layers of LC molecules can 

be parallel to Ae plane of the display (a so-called 'planar state") or be randomly 
15 aligned (a so-called '%cal conic state"). When in the planar state of the LC 

molecules, the display panel provides a brightly colored appearance, a so-called 

"'bright-on" state, \\4iile the focal conic state of the molecules provides a virtually 

clear view of a back cell background, so-called "dark-ofiE" state. By the application 

of a suitable electric field, the LC material can be switched between diese two states. 
20 In other words, the planar and focal conic states are two '"zero-field" stable states of 

the LC lay^. 

To ensure tiie time stability of the focal conic ''ofi" states, it is known to use 
an optimal aUgoment layer such as a homeotropic polymide ahgnment layer; as 
disclosed in the article "Surface Stabilized Cholesteric Texture Displays *\ Merck 
25 Ltd., March 27, 1998. As specifically indicated in this article, the ahgnment material 
also affects a range of gray scales, and to gcve ttie desired performance of LCD panel, 
such a parameter as aligmnent layer material should be optimized. 

U.S. Patent No. 4,923,286 discloses a display cell of the kind specified This 
LC cell utilizes one alignment layer tiiat induces a planar Qiiomogeneous) aligoment 
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of ^ LC molecules and another alignment layer fliat induces a hemeotropic 
alignment of the molecules. The LC cell operates at low power, and provides a very 
good contrast The planar aligmnent layer is made of rubbed polyimide. 

U.S. Patent No. 5,880,801 discloses a hybrid aligned liquid crystal display 

5 employing an anodized alignment layer. According to diis technique, a liquid crystal 
material is capsulated between top and bottom substrates, v^ch induce 
homogeneous and homeotropic alignment, respectively, of a liquid crystal. 

Both the '"back-lif ' and Ihe 'front-lif ' techniques are problematic whsa 
dealing widi LCD panels of a large size, because it is difficult to maintain large glass 

10 plates exactly parallel to each other when fastening them (e.g. gluing) at opposite 
sides. U.S. Patent No. 5,805,117 discloses a large area tiled flat-panel modular 
display system, irtiliTing the principles of the 'T3ack-hf ' technique. This display 
system includes an array of display modules containing thin seal LCDs. Global light 
sources are used for providing efficient uniform backlighting of the alignment of the 

15 display modules. 

Additionally, it is a conmion goal of all display systems to provide as hi^ as 
possible gray level range. For this purpose, it is known to use a sub-pixel technique, 
according to which each prsel is divided into a plnraUty of separately operated 
sub-pixel elements. This technique is disclosed, for example, in U.S. Patent No. 

20 4,840,460. However, this and other known sub-pixel techniques always divide a 
pixel into identical sub-pixels ahgned in a regular array, thereby limiting the eflfective 
gray level scale. 

Additionally, it would be desirable to have such a display device, where at 
least a part of the display can be independently operated without impeding a 
25 concurrent operation of the remaining part of the display This enables various visual 
effects to be provided in accordance vsrith a specific appUcation, for example that 
associated with advertisement in pubhc places. 
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SUMMARY OF THE INVENTION 

Th^e is accordingly a need in the art to improve Electronic Billboard 
systems by providing a novel LCD-based system utilizing the principles of the 
*'fi:ont-lif ' reflective technique, particularly for outdoor advertising. 

s It is a major feature of embodiments of tiie present invention to provide such 

an EB system that utilizes a color reflective LCD display panel, and preferably 
enabling substantially proximate remote control of the billboard operation (pixel 
activation management). Furthennore^ remote control enabling of content is 
fiiciUtated using ordinary telephone communications, cellular telephone 

10 cormnunications, other wireless communications, sateUite download, etc; wherein is 
performed transmissions of data content, for bu£fers that are then represented as 
pixels on the respective display modules, for instructions for petforming image 
transition effects between a cmrent image and a next image, etc. 

The Color Reflective LCD's can use large variety of LC materials, such as 

15 THvisted Nematic (TN), Super-Twisted Nematic (STN), Polymer-Dispersed (PDLC), 
Ferro-Electric, and Cholesteric types. More specifically, the Cholesteric LCD's can 
be Polymer Stabihzed Cholesteric Trature (PSCT) types, and Surface Stabilized 
Cholesteric Texture SSCT. 

The SSCT technology is based on the naturally reflective properties of the 

20 Cholesteric (chiral nematic) Uquid oystals. The displays based on SSCT Uquid 
crystals have full image retention witii no pov^ applied, excellent readability, good 
display addressing, and potential for obtainmg display colors. Cbkal nematic Uquid 
crystals are characterized by an internal heUcal layered structure that reflects incident 
Ught in a narrow wavelength band. The central wavelengtti of the reflected hght 

25 depends on the average pitch of a helical structure and on the average refiactive 
index of a Uquid crystal material according to the Bragg Law Spectral bandwidth of 
the reflected U^t depends on the birefiingence of the Uquid crystal material. The 
spectral bandwidth and reflection intensity also dsp&nd on the disorientation of the 
heUcal axes. For available cholesteric Uquid crystals, the reflection bandwidth of 
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lOO-lSQnm has been achieved 

Since &e reflected lig^it is circularly polarized, only half of the light intensity 
is reflected and the other half is transmitted Therefore, the maximum theoretical 
reflected intensity fi:om a single cell display is 50% in a narrow spectral bandwidth. 
5 In practice, due to variation in the orientation of Uquid crystal molecules and oibet 
j&ctors, the obtained reflectance is in the ordor of 20-30%. 

In practice, helical pitch of the Cholestenc liquid crystal can be modified by 
addition of the nematic component Thus, cholesteric mixtures that reflect light in 
Ihe Red, Green and Blue spectral regions (or flie likes) could be prepared By using 
10 stacked cells filled witti SSCT material of opposite twist and with helical pitch 
corresponding to the primary Red, Green, and Blue colors, the multicolor displays 
can be produced with total white hght reflectivity of about 40-50%. The display 
color quality can be optimized by using specially developed ahgoment layers, 
addition of dies, or by varying the LCD conqpositions. RGB pixels can be aligned in 
15 a common plane or in a tiple stack or according to other topological relations 
wherein the relations are substantially modeled in a data structure of electronic 
control circuitry (hat facilitates the activation or deactivation of each specific pixel 
component (the R, the G, the B, etc.). 

It is a fiirfher feature of an embodiment of the present mvention to provide 
20 such an £B system that is capable of displ^dng real-time on-line images, such as hot 
news (news-flashes), police, traffic, wealhei; pohtical, sport, etc, infoimatioa 

It is a further feature of another embodunent of the present invention to 
provide such an EB that enables higih contrast of displayed infonnatioa 

The main idea of Ihe present invention is based on (he following. Large 
25 Billboards, vMoh are to be accommodated in popular city locations where a large 
number of people can be reached, such as busy streets, squares, shopping malls, large 
shops, sports stadiums, tourist centers, etc., have much stronger requirements for time 
and space sharing and a big^ flexibility of cQnq)uter controlled electronic advertising, 
tiian the resolution of the displayed image defined by the pixel size. To meet the 
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most important lequirements of a laige Biflboaid, a reflective color LCD display 
according to the present invention is desigaed in a modular manner enabling separate 
operation of each module. This modular design allows for desirably varying the 
numba: of LCD modules and their arrangement in accordance with the requirement 
5 for EB size and placement Since the EB is intended to be viewed at a distance of 
more than 10 meters, gq)s between Ihe adjacent LCD modules wiU not siguificantiy 
affect the image quality The use of a color reflective-type LCD modules enables 
direct sunli^t readability in outdoor placement As for the dark hours and night 
periods, the display device is illuminated from the front, like a typical posta: 
10 billboard. Additionally, the remote operation of the EB device is carried out by a 
two-way communication technique. To this end, the EB device itself is provided 
with a suitable sensing, data processing and transmitting means. 

There is thus provided according to one aspect of the present invention, an 
electronic billboard (EB) system including: 
15 - a color reflecting display device conq)osed of an array of color, reflective, 
Uquid crystal display modules, each including an array of liquid crystals 
cells, presenting pixels of the display device, and driving circuits 
selectively operable for displaying a predetermined image by a plurality of 
said modules; 
20 - a sensor means; and 

a control unit operating tiie driving circuits of the display device for 
displaying said predetermined image, the conbrol unit being responsive to 
data generated by the sensor means for operating the display device 
accordingly 

25 The driving circuits of the reflective color LCD module comprise an electrical 

means for applying a certain electric field to the Uquid crystal cells (pixels) to shift 
between their inoperative and operati?ve positions. Preferably, the Uquid crystal 
display modules are provided with cooling and heating means, ^^lile the sensor 
means comprises a temperature sensot The control unit, in response to the data 
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geaerated by Hie teQq)erature sensois, operates the heatmg or cooling means to 
provide compensation for temperature vadatLons between &e modules. 

The EB system preferably also comprises an external illumination system, 
which may be selectively operated by the control unit, when required. To this end, 

5 the sensor means conq>ri5es an illumination sensor detecting the level of ambient 
ligjbt in the vicinity of the display device. 

Pr^embly, tiie sensor means coiiq>iises a sensor enable of determining a 
certain condition of environment in the vicinity of the display device, generating data 
indicative thereof and transmitting this data to the control imit This enables to 

10 display relevant information associated with the detected conditioa For example, 
such means may include an imaging means (e.g., a video camera) for observing the 
surroundings of the display device, temperature sensoi; humidity s^or; acoustic 
sensQi; etc. To this end, the prefecced embodiment of die control unit represents a 
so-called ''espert system", and is based on so-called '"neural netwrodcs like 

15 algoridmis" or another similar model for artificial intelligence decision makmg. For 
example, if Ihe camera-like sensor captures an image indicative of a traffic jam, the 
control unit in response to this data immediately operates the display device to 
display vehicle related advertising information, e.g., vehicle accessories. If the 
humidity sensor detects the existence of rain and generates data indicative thereof 

20 the control unit may dedde to display umbrella-related advertising information. If 
the temperature and/or Uniting sensor detects the high temperature and hi^ sunshine 
conditions within the vicinity of Ihe display device, the display device is inmiediately 
operated by the control unit to advertise sunglasses and/or beverages. 

Thus, die same control unit or an additional one may be remotely located and 

25 wirelessty coupled to the display device, so as to operate the device for displaying 
real-time, on-line images, and is also capable of recording the displayed information. 
In other words, die device may be preprogr a mmed for sequentialty displaying certain 
data, and be additionally operated for displaying other, incidentally relevant 
information. 
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The control unit may be connectable to the DSfTERNBT, so as to be 
responsive to the 'liottesf ' news for operating ftie display accordingly to display the 
relevant information. 

Liquid crystal cells each presenting a pixel of the display module are of a 

5 reflective type, and may utilize any smtableLC material of TN, ^ 

SSCT or ferroelectric type. Preferably, the display device is enable of displaying 
colored pictures. This can be achieved by means of dies, fDiters or LCD 
compositions. RGB pixels can be aligned in a common plane or in a triple stack. 

Preferably, the liquid crystal material used is of a SSCT type, and Ihe 

10 application of AC bias during the device operation is used for improving the contrast 
of the display device. More specifically, AC bias is applied to the LC cell when in an 
inoperative position of the device to maintain the liquid crystal in its 'transmitting'* 
state, i.e., when the LC molecules are substantially perpendicular to a background 
plane. Additionally, to improve tiie reflectance of die device, an alignment layex used 

15 in LC cells can be optimized for providing maximal reflectance vdien in a planar 
state, i.e., substantially parallel to the background plane. 

To increase gray levels of the displayed image, either voltage values and/or 
voltage application time are controlled by tiie control unit, or each pixel (LC cell) is 
subdivided to a predetermined number of sub-pixels. Preferably, the sub-pixel 

20 subdivision is irregulai; thus enabhng more uniform color to be obtained across the 
pixel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand flie invention and to see how it may be canied out in 
25 practice, a preferred embodiment will now be described, by "my of non-limiting 
exanq)le only, widi reference to Ihe acconq)anying drawings, in which: 

Fig. 1 is a schematic illustration of a EB syst^ utilizing an LCD modules 
according to one embodiment of the invention; 
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Fig. 2 more specifically illustrates the LCD module of the EB system of Fig. 

1; 

Fig. 3 illiistrates one possible exaiople of assembling the LCD modules in the 
system of Fig. 1; 

5 Fig. 4a illustrates more specifically a metal plate used for mounting llie LCD 

module thereon; 

Fig. 4b illustzates the multi-stack LCD module on metal plate wiHi flexible 
CQunectors mounted on the metal plate of Fig. 4a; 

Figs. 5a and 5b illustrate two possible examples, respectively, of RGB 
10 sub-pixels arrangement utilizing the color patterning configuration; 

Fig. 6 there is illustrated an LCD module utilizing a triple RGB stack 
configuration; 

Fig. 7 illustrates the main principles of double twisted effect suitable to be 
used in the LCD module to increase its reflectance; 
15 Figs. 8a and 8b show two different LCD modules, respectively, utilizing the 

double twisted effect of Fig. 7; and 

Fig. 9 is a block diagram of some elements of the system of Fig. 1, more 
specifically illustrating some more features of the present inventioa 

DETAILED DESCRIPTION OF THE INVENTION 

20 Referring to Fig. 1, there is illustrated an EB system, generalfy designated 10, 

constructed according to the inventioa The system 10 comprises such main 
constructional parts as an electronic billboard ficame (constituting a displ^ device) 12 
and a control unit 14 vMch, according to the present exanq>le, is wireless connected 
to communication ports (not shown) of the display device 12. 

25 The display device 12 conpises a tv^o-dimensional array of coloi; reflective 

LCD modules 16. As partly shown in the figure, each LCD module 16 is con:posed 
of a two-dimensional array of LC cells, gmerally at 18, each presenting a pixel of the 
display device. The LC cell 18 typically includes a layer of LC material enclosed 
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betv^reen tv^o glass plates covered mHi patterned tianspaient conductive electrodes 
made of Indium Tin Oxide QTO), and an alignment layer at inner surfi^ of each of 
tfie glass plates. Here, the LC material is of a color reflective type utilizing a Surface 
Stabilized Cholesteric Texture (SSCT) technology This technology is preferred for 
such ^plications v\iiere high resolution is not needed, and is advantageously 
characterized by hi^ sunlight readabiUty, sufficimtiy good contrast, a large ^viewing 
angle and gray level cq)abiUly. The SSCT technology does not require active 
driving, backlighting and polarizers, and uses relatively sinq)le manu&cturing 
procedures that allow high yields and low manufactuiing costs. Generally, any other 
reflective LC material can be used, such as TN, STN, PDLC, PSCT or a ferroelectric 
type. 

The operational principles of the reflective LC cell are known per se and 
therefore need not be specifically described, except to note the following. Reflective 
LC molecules, when in a substantially planar state (i.e., being oriented substantially 
parallel to die glass plates), reflect incident tight; and vibsa being oriented 
substantially perpendicular to the glass plates, transmit incident light, thereby 
exposing a bacl^und plane for view. According to the present invention, in both 
operative and inoperative positions of a specific LC cell, the corresponding LC 
molecules are maintained in their planar or perpendicular state, respectively, by 
applying appropriate AC bias, e.g., 10-80V, rather than utilizing die bi-stabitily of the 
LCmateriaL This provides for better contrast oftiie displayed image. 

Further provided in the system 10 is an external illumiiiation system 20 
mounted on display device 12. In the present example of Fig 1, the iUutnination 
system 20 is in the form of four lamps located in the comers of die billboard. The 
lanops 20 are selectively operated by the control unit 14 in accordance with the level 
of ambient tight in die vicinity of the display device. To this end, the display device 
12 con^xrises a suitable illumioation sensor enable of detecting the level of ambient 
tight, generating data indicative tiiereof and transmitting this data to the control unit 
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14. Alternatively, or additionally, Ihe control unit be preprogranmed to switch 
on the lamps 20 at mght p^ods. 

It should be noted, although not specifically shown, that an additional suitable 
processor integral with the display device could be used for operating the lamps 20, 
rather than using the remote control unit 14. Obviously, the control unit 14 itself 
could be an integral part of die display device 12, radier than being a stand-alone 
unit; or some utiUties of the control unit could be installed in the display device, 
while the others be remotely accommodated. The control unit 14 is typicalfy a 
computer device having suitable hardware and software to operate as an "e^ert 
sj^m" capable of artificial intelligence decision making, as will be described more 
specifically fiirther below. It should be noted, allhou^ not spedfically shown, that 
the lamps 20 may be elongated, extending along the sides of the billboard fi:ame 12. 

The display device 12 is designed to be viewed fixnn a miniinal distance of 1 0 
meters. For example, the billboard may have 320x240 pixels (LC cells), thereby 
providing a Va VGA resolution that allows for using the existing conq)uter programs 
and hardware, while achieving sufBcient image quahty. It should be understood that 
the size of the individual LCD module 16 is detenoined by the manufacturing 
capabihty. The number of the LCD modules 16 and tiiek airangement are defined by 
the requhr^ents of a specific q)plication. Taking into account the human eye 
resolution (spherical angle of about Iminute), the optimal pixel size will depend on 
the average viewing distance. For a given pixel size, if the viewing distance is too 
small, the arti&cts will be seen and die image will not be assessed as whole, while at 
a too large viewing distance the eye will see several pixels as one point and fine 
details will be lost For an average distance of 35 meters, which is typical for the 
urban envkonment, the optimal pixel size should be IQmmxlOmm. 

Reference is now made to Fig. 2, more spedfically illustrating die 
construction of die LCD module 16. The LCD module is formed by a laj^ 22 of the 
color reflective LC material (SSCT in the present exan^le) enclosed between a fixmt 
transparent plate 24 and a back transparent plate 26. The LC cells 18 are arranged in 
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rows 28a and cohmms 28b. Each LC cell 18 has its related driving circuits 
accommodated wilhin an electronics-containing layer 30 behind &e back glass plate 
26. Flexible connectors 31a and 31b connect the LC cells' rows and columns, 
respectively, to the corresponding driving circuits. Thus, the control unit operates 
each LC cell (pixel) via the electronics in the layo: 30 to shift Ihe corresponding LC 
molecules between Iheh planar and perpendicular orientation. 

It should be noted, allhougih not specifically shown, that the layer 30 contains 
all electronic circuits inchiding the following: power sapply, drivers, processor and 
mraaoiy utilities, communication inter&ce (iiq)ut and output communication ports). 
It is important to note that this electronics-containing layer also comprises 
temperature sensors with compensation circuits, and heating/cooUng means coupled 
to the condensation circuits. As indicated above, Ihe electronics contained in the 
layer 30 (Le., integral wilh the displ^ device) may also include a driver of the 
external illummation system (Le. light source 20 m Fig. 1). Additionally, the entire 
electronics also includes a sensor means for monitoring surrounding area and display 
^pearance. Such sensor means may include a video camera, a temperature sensor; a 
humidity sensor, an acoustic sensor, etc. Data generated by one or several different 
sensors is transmitted to the control unit 14, which, in response to the received data, 
operates the display device to display informadon relevant to Ihe detected conditions 
in Ihe vicinity of the display device. 

The entire billboard composed of a pluraUly of LCD modules can be 
assembled by any suitable technique.^ Fig. 3 illustrates one possible example of 
assembling the LCD modules 16. The LCD module 16 made of glass is mounted on 
a metal plate MP (e.g., made of aluminum). A common, replaceable transparent 
plate TP, for example, a polycarbonate cover with a special coating absorbing solar 
UV radiation, covers all the LCD modules (only one such module being shown in the 
figure). The layer 30 presenting a printed circuit board (PCS) with electronics and 
driving cuxniits is acconomodated behind Ihe metal plate MP. Thus, all the electrical 
connectors are on the backside of the module 16. The display modules are easily 
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interchangeable for repairs and replacement A heimetically sealed billboard frame 
BF formed with pin-like dements 32 sqiports fbie stacked structures of Ifae LCD 
modules 16. 

Fig. 4a illustrates more specifically the metal plate MP formed with four 
5 projections 33 at the comers of the plate. Each projection 33* is fomoied wifli an 
opening 33a for inserting die pinrlike elements 32 Iherem. Fig. 4b illustrates die 
LCD module 16 with the flexible connectors 31a and 31b mounted on the metal 
plate MP. 

It should be noted, although not specifically shown, that the gaps between two 
10 adjacent LCD modules 16 mounted on the metal plate are screened by a black mask, 
and are in the order of Smm. The depth of the billboard constructed as desoibed 
above is in die order of 10-40 cnt As for die overall size of die billboard having 
320x240 pixels wrdi a IQmmxlOmm pixel-size, taking into accoimt the gaps between 
the LCD modules and ed^s occupies by glue area, it will be on Ifae order of 
15 340x260cm It should, however, be noted diat diis is just a specific example of a 
small prototype EB. As for die commercial EB, die overall pixel size can be from 
5mmx5mm to SOmmxSOmnL The number of pixels per module will be determined 
by die module size (up to 30cnix40cmX and the number of modules p^ EB (and thus 
an overall number of pixels) will be detennined by die EB size and sh^e that can be 
20 very small or very laige (e.g., 10mx20m) depending on the placement parameters and 
billboard cost 

The LCD module 16 can be fabricated by any known suitable technique. The 
currently used manufacturing technique utilizes glued glass substrates with spacers 
between diem being filled widi LC Uquid using vacuum filling. Anoflier known 
25 technique is based on a heat press adhesive process. According to tbis technique, the 
LC layer is enclosed between two plastic film substrates. Resin siq)ports made of hot 
melt materials are formed regularly on one plastic substrate using a screen printing 
mediod, and spacers that control die cell gap are spayed on die odier substrate. The 
supports are formed taller dian the cell g^. Then, die bodi substrates are stacked on 
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wilfa Ifae liquid crystal materials between them. Finally, heat and pressure are qyplied 
to the structure, resin supports are modified to be flat and stuck both substrates 
togefliCT. This febrication method requires no vacuum filing process, and is easy 
enough to be used for fabricating large displays. This method is suitable not only for 

5 cholesteric LCDs but any other LCDs. This technique is disclosed in the article 
"Reflective Color Display Using Cholesteric Liquid Crystals", JL Hashimoto et aL, 
Sro 98 DIGEST, pp. 897-900. 

The resulting billboard optical parameters depend on the selected LCD 
technology The main factors defining the optical quality include the following: 

10 color, reflectance, contrast and billboard electronics. 

With regard to color; fiiU color (RGB) is required for each pixel. In the 
above-described example, the color LC cell 18, or a single pixel unit, has a one-layer 
structure, that is RGB sub-pixels are ahgned in a conmion plane by means of 
so-called color patterning. Two possible examples of flie RGB sub-pixels 

15 arrangement are illustrated in Figs. SaandSbinaself-esplanatorymanner. 

Turning now to Fig. 6, there is illustrated an LCD module 116 utilizing a 
triple RGB stack The same reference numbers idmtify those components, which are 
common in the modules 16 and 116. Here, three LC layers 22a, 22b and 22c are 
shown, corresponding respectively, to three primary colors - red, green and blue. 

20 Transparent 1^^ 36, 38, 40 and 42 serve for enclosing each of the LC layers 
between two adjacent layers. The above-described technique, based on the heat 
press adhesive process, is suitable for the manufacture of the LCD module 116. It 
should, however; be noted that any otha: technique can be used, for example, those 
disclosed in the following articles: "Eight-Color High-Resolution Reflective 

25 Cholesteric LCDs", D. Davis et aL, SID 98 DIGEST, pp. 901-904; and "Full Color 
(4096 Colors) Reflective Cholesteric Liquid Crystal Display'', XY. Huang et al., 
ASIA DISPLAY 98, pp. 883-886. 

The display driving provides a suitable number of gray levels that enables to 
obtain large number of colors. For each color; the multiple gray levels could be 
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obtained by controlling voltages, duty cycle or by dilhering, e.g. by subdividing each 
pixel to four sub-pixels with an area ratio of 1:2:4:8. The sub-pixel subdivision is 
feasible here because of the large pixel size. 

With regard to reflectance, the reflectance of each individual LC layer stacked 
5 between two glass or plastic plates is about 20%-25%. To increase the reflectance, a 
double stack structure of oppositely twisted SSCT material for each color can be 
used. Fig. 7 illustrates an LCD module structure 44 utilizing this effect The 
structure contains two spaced-apart parallel layers 46a and 46b o^ respectively, right- 
and left-twisted SSCT. Each of the layers 46a and 46b is enclosed between a pair of 
10 transparent (glass or plastic) layers 48a-48b (plates or films). 

Figs. 8a and 8b show LCD modules 216 and 316 of two alternating 
configurations, respectively, namely the color patterning and stacked cell 
configurations, both utilizing the rig^- and lefi-twisted SSCT layers 46a and 46b for 
each color. 

15 The image contrast is determined as a reflectance ratio between v^te and 

black states, i.e., planar and perpendicular states of the LC molecules with respect to 
the display plane. Experimental results have shown that the contrast value reaches 
20:1 for normal viewing, 5:1 for horizontal angular viewing in the range of d:60°, or 
ranges firom +15° to -30"* for vertical angular viewing. 

20 Referring to Fig. 9, the EB 12 is pardyiflustrated being wireless connected to 

the remote control unit 14. Such a wireless connection may utilize radio or infixed 
signal transmissioa As shown, the EB 12 is provided with a video camera 50 
(constituting a sensor means), installed, for example, at the comer of the billboard. 
Hie camem 50 is operated by the control unit 14 for observing the surroundings of 

25 the biUboard and generating data (images) indicative thereof This data is transmitted 
to the control unit flnrou^ the corresponding utility installed in flie 
electronics-containing layer 30. The control unit 14 (its corresponding utility), upon 
detecting a predetermined condition in the vicinity of the billboard, operates the 
billboard for presenting relevant information associated with the detected condition. 
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For example^ the camera may capture an image indicative of a traffic jant Tbe 
relevant infonnation that can be displayed on the billboard may include a 
vehicle-related advertisement, e.g., vehicle accessories. 

It should be noted fliat a humidity sensor could be used instead of or in 

5 addition to the camera. This sensor may detect the raining condition, in which case 
the control unit may ''decide" to display umbrella-related advertisiag iofonnatioa 
Additionally, a tenq)erature and/or lig^iting sensor could be used. Such a sensor m^ 
detect the sunshine conditions in the vidnily of the displ^ device, and the control 
unit will immediately operate the display device to advertise sunglasses and/or 

10 beverages. 

The infonnation to be displayed in response to the detected condition may not 
intemipt the displaying of the cuuent infomiation (e.g., trains time schedule, etc.). 
To this end, the control unit may operate one or several locally adjacent LCD 
modules for displaying the '^evanf' information, while presenting the cunent 

15 infonnation on Ifae other LCD modules. 

The advantages of the present invention are thus self-evident The EB has 
sufficient dimensions and sufficient optical characteristics to be used in pubUc places. 
The modiilar structure of the billboard fecilitates the operation and maintenance of 
the billboard. The provision of the temperature sensor and heating/cooling means for 

20 each LCD module, enables temperature control and conopensation for tenq)erature 
variations. The provision of the sensor means detecting the conditions in the 
surrounding of the display panel, enables timely advertisement of the most relevant 
infonnation. It should also be noted tiiat the provision of a feedback loop between 
the EB and control unit (which is either integral with the billboard or a stand-alone 

25 unit), allows for recording ttie time schedule of the displayed infonnation. The use 
of the reflective LCD modules significantly sinoplifies the construction and operation 
of the billboard. 

Those skilled in the art will readily qpreciate that various modifications and 
changes may be applied to the prefmed embodiments of the invention as 
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hereinbefore exemplified without depaiting frcnn its scope defined in and by the 
qypmded claims. 
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CLAIMS: 

1. Aa electromc billboard (BB) system includmg: 

- a display device con^osed of an array of color, reflective, liquid crystal 

display modules, each including an array of liquid crystals cells, 
5 presenting pixels of die display device, and driving circuits selectively 

operable for displaying a predetermined image by a plurality of said 
modules; 

- a sensor means; and 

- a control unit for operating said driving circuits, die control unit being 
10 responsive to data generated by die sensor means for operating die display 

device accordingly. 

2. The system according to Claim 1, wherein each of the liquid crystal 
display modules is provided with cooling and heating means, and the sensor means 
conq>rises a teiq)erature sensor, thereby enabling compensation for temperature 

15 variations between the modules. 

3. The system according to Gahn 1, vs^erein the driving circuits comprise 
an electrical means for applying a certain electric field to the hquid crystal cells to 
shift diem between their inoperative and operative positions. 

4. The system according to Claim 1, and also including an external 
20 illumination system providing desired illumination of the display device. 

5. The system according to Claim 4, wherein die sensor means con^rises 
an illumination sensor detecting the level of ambient Ught in the vidnily of the 
display device, generating data indicative thereof and transmitting said data to the 
control unit for selectively operating said external illumination system 

25 6, The system according to Claim 1, \N4ierein the sensor means comprises a 

sensor of a kind enable of determining the existence of obtain condition in the 
vidnity of the display device, genraating data indicative tiiereof and transmitting said 
data to die control unit 
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7. The system accoiding to Claim 6, "Mierdn said semor includes a video 
camera. 

8. The system according to Claim 6, herein said sensor includes a 
humidity sensor. 

5 9. The system according to Claim 6, A^^erein said sensor includes an 

acoustic sensor. 

10. The system according to Claim 1, herein the control unit is an expest 
system adapted for artificial intelligence decision making, in response to the data 
generated by the sensor means. 
10 11. The system according to Claim 1, \vherein said color reflective LCD 
modules utilize an LC material type from the following list: Twisted Nematic (TN), 
Super-Twisted Nematic (STN), Polymer-Dispersed (PDLC), Fecro-Eleclric, or 
Cholestetic. 

12. The system according to Qaim 11, wherein the Cholestsric type LC 
15 material is Polymer Stabilizes Cholesteric Texture (PSCT). 

13. The system according to Claim 11, wherein the Cholesteric type LC 
material is Surface Stabilized Cholesteric Texture (SSCT). 

14. The system according to Claim 1, wfa^in die Uquid crystal cells 
corresponding to different primary colors are aligned in a common plane. 

20 15. The system according to Qaim 1, vtdierein Ihe liquid crystal cells 
corresponding to different primary colors are arranged in a stack 

16. The system according to Claim 3, wherein said electrical means are 
adapted for applying AC bias during the device operation. 

17. The syston according to Claim 1, wherein each liquid crystal cell is 
25 subdivided into a plurality of compartments, each presenting a corresponding one of 

sub-pixels, the driving circuits being adsqpted for selectively operating said 
sub-pixels. 

18. The system according to Qaim 17, v^erein Ihe sub-pixel subdivision is 
itregulai; thus enabling more uniform color to be obtained across the pixel. 
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19. The system according to Claim 13, wherein each color is formed by two 
spaced-apart, parallel layers of the oppositely twisted SSCT material. 

20. The system according to Claim 1, wherein said control unit is integral 
wilJi die display device. 

5 21. The system according to Claim 1, wherein said control xaoit is located 
remotely from said display device. 

22. The system according to Claim 1, wheiein some utilities of Ifae control 
unit are integral with the dispkjr device, vAnlt others are located remotely from Ifae 
display device. 

10 23. The system according to Claim 1, wherein said control unit is capable of 
creating and storing records indicative of time schedule of displayed informadoiL 
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FIG. 4A 
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FIG. 4B 



wo 01/88688 PCT/ILOl/00428 




FIG. 6 
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